Introduction
Solar energetic particle (SEP) events, known also as solar particle storms, are sporadic events caused by solar flares or coronal mass ejections with great temporarily enhancements of the flux of energetic particles near Earth. Sometimes, the energy of SEPs can be sufficient to initiate an atmospheric cascade whose nucleonic component can be registered by ground-level neutron monitors (see, e.g., [1] ). These events are conventionally called Ground Level Enhancements (GLE), which are listed since the mid-20th century (see the International GLE database http://gle.oulu.fi [2] ). Sometimes weaker events with a marginal response only at high-altitude polar neutron monitors (NMs) [3, 4] can be recorded, however they are related to a subclass of GLE events, called sub-GLE, discussed elsewhere (Poluianov et al., this volume).
Since the exact energy spectrum of SEP events is hard to measure directly, it is often described by parametric models, e.g., an exponential over rigidity [5] or a power law with an exponential roll-off [6] . Probably, the most convenient and realistic shape is provided by the so-called Bandfunction [7, 8] , which is a double power law in rigidity with an exponential junction inbetween [9] . Parameters of this spectrum have been defined for all major GLE events [8, 10] .
The strength of SEP events is often quantified via the fluence of particles with energy above 30 MeV, F 30 , which is important for space weather applications [1] . However, this single index is not always representative because of the SEP spectra varying between hard and soft ones. In particular, ground based NMs are sensitive to higher energy part of the SEP spectrum and cannot assess the F 30 fluence. Although, the SEP spectrum was evaluated from satellite-borne data for the last decades (e.g., [11] ), only ground-based data are available in the past, including cosmogenic radionuclides produced by cosmic rays in the atmosphere and stored in natural archives [12] . Such proxies are not sensitive to lower energy part of the spectrum but provide a measure for the F 200 fluence [13] . Here we present a statistical analysis of the hardness of energy spectra for GLE events.
GLE strength
The strength of a GLE is often characterized by the peak intensity, which however gives little clue about the integral intensity of the event, since the peaky impulsive events may be quite short in duration yielding lower intensity than gradual events with smaller peak flux but longer duration. Fig. 1 shows an example of GLE #5 (23-Feb-1956 ) depicting the highest response (5116 %) for Leeds NM and the greatest integral intensity (I = 5300 %*hr) for Ottawa NM. The integral intensity corresponds to the total fluence of SEPs rather than to the peak flux. For each GLE event we collected all available NM responses from the International GLE database (http://gle.oulu.fi) and averaged the integral intensity over all high-latitude (geomagnetic cutoff rigidity < 1.5 GV) and low altitude (< 200 m) NMs. The integral intensity I varies from a few %*hr to 5300 %*hr. For each GLE we also defined the event-integrated fluences F 30 and F 200 . As the measure of the softness of the SEP spectra we considered the ratio of R = F 30 /F 200 calculated using the full spectra reconstructed in work [8] . Higher values of R imply a softer spectrum, viz. they have more soft particles of ≈ 30 MeV compared to more energetic ones (≈ 200 MeV) able to initiated a nucleonic cascade in the atmosphere.
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Analysis
We show in Figure 2 the F 30 /F 200 ratio as a function of the GLE strength. We have arbitrary divided the events into three categories: weak, moderate and strong GLEs. Strong GLEs (I > 100 %*hr) have hard energy spectra -the ratio is within the range 10-50. GLE #5 has the ratio of about eleven, implying a very hard spectrum. Interestingly, the strongest known SEP event of 775 AD [14, 15] had a very hard spectrum [16] as indicated by the red star in the Figure. For moderate GLE events (10 < I < 100 %*hr) the ratio takes a wide range of values, from 10 to 250 (the latter is for the very soft GLE # 24 in August 1972), implying that there is no obvious relation for moderate events -they can have different spectra, from very hard to very soft. Interestingly, very weak GLEs (I < 10 %*hr) are harder than moderate events so that no soft events are found, but this may be caused by a selectional/observational bias.
The fact that strong GLE events tend to be hard may be related to a saturation of the lower energy particle flux, the so-called "streaming limit" [17, 18] caused by a possible resonance interaction between the particle flux and plasma waves at the interplanetary shock so that there is a limit for the flux of SEPs accelerated at one instance. An empirical estimate of the streaming limit is F 30 =(6-8)·10 9 cm −2 [19] . On the other hand, the F 200 fluence is not limited by this effect and keeps growing with the event's strength, thus the spectrum hardens for stronger events making the ratio R to decrease.
Conclusions
Hardness of the SEP event-integrated energy spectra of GLE events for the last 60 years have been studied here. In addition, the strongest known historical SEP event of 775 AD was also analyzed and found to be characterized by a very hard spectrum. It has been shown that all the strong GLE events with the event-integrated intensity I > 100 %*hr have hard or very hard spectrum
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Strong GLEs are hard Ilya Usoskin spectrum with the ratio R = F 30 /F 200 being in the range 10-50. Moderate events (10 < I < 100 %*hr) can have different spectra, from hard (R < 10) to very soft (R > 200) ones. Weak events also exhibit a tendency to be relatively hard. Although it is contrary to an intuitive expectation, it may be related to a selection/observation bias.
We speculate that the hardening of the spectrum of strong events may be achieved via the saturation (streaming limit) of the lower-energy particle acceleration/transport, while higher-energy particles are free of this limit. On the other hand, the existing observational and theoretical basis does not allow to make a conclusive statement on this.
